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Description

The present invention relates to a method of
detecting a hold-position of an electronic compo-
nent in which the electronic component is held by
an electronic-component holding apparatus utilizing
attraction by vacuum suction or grip by a pair of
gripping jaws for the holding of the component, fo
an electronic-component holding apparatus having
a hold-position detecting device, and fo an
electronic-component mounting apparatus for
mounting an electronic component on a mount
member such as a printed-circuit board.

The above-identified electronic-component
holding apparatus is widely used, for example, in
an apparatus for automatically mounting electronic
components on a printed-circuit board.

The document of Japanese Patent Application
published under Publication No. 58-213496 dis-
closes to detect using an image device a hold-
position of an electronic component in which the
component is held by an electronic-component
holding apparatus as indicated above, and to sub-
stantially adjust any incorrect hold-position, by
means of rotating a holding head which keeps hold
of the component and/or of re-positioning a printed-
circuit board on which the component is to be
mounted, based on the result from the detection.

However, since the image device of the ap-
paratus disclosed is adapted to detect the elec-
tronic component by utilizing light reflected by the
component, the image device is liable to be badly
influenced by roughness and/or tone of color on
the surface of the component. Thus, there has
been experienced a problem that the image device
is incapable of detecting the hold-position for some
electronic components. Moreover, in the case
where a single image device is responsible for
various kinds of electronic components, it is very
difficult for the image device to detect all the com-
ponents, with precision.

The above-identified document of Japanese
Patent Applicantion No. 58-213496 further dis-
closes an electronic-component mounting appara-
tus for automatically mounting an electronic com-
ponent on a mount such as a printed-circuit board,
in which the component is re-positioned by means
of rotation thereof about an axis thereof with a
holding head before the mounting. This mounting
apparatus is shown in Fig. 11. The holding head in
the form of a sucking head 230 is supported by a
head support 234 such that the sucking head 230
is rotatable about a center line of a sucking portion
of a sucking pipe 232 which is capable of holding
an electronic component by means of sucking ac-
tion therethrough. An image device (not shown)
detects a rotational (angular) position of the elec-
fronic component 236 about a center line of the
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sucking portion. Based on the result from the de-
tection, a head rotator 238 rotates the sucking head
230 by an angle required for adjustment of the
rotational position (posture) of the component 236.
Then, the component 236 is mounted on a mount
such as a printed-circuit board. Thus, electronic
components are mounted on the mount with higher
precision, because each electronic component 236
is mounted after adjustment of the incorrect hold-
position (posture) of the component 236 in which
the component 236 is held by the sucking head
230.

However, the head rotator 238 of the above-
indicated electronic-component mounting apparatus
is disposed on the head support 234 which sup-
ports the sucking head 230 such that the sucking
head 230 is rotatable, and therefore is moved fo-
gether with the head support 234. This construction
results in increased mass of a portion which moves
together with the sucking head 230. Accordingly, it
is very difficult to move the sucking head 70 at a
high speed, and to increase the efficiency of the
work for mounting the electronic components on
the mount.

The sucking head 230 of the mounting appara-
tus disclosed has a held portion 240 which has a
shape of an arc having a center on the center line
of the sucking portion of the sucking pipe 232. The
held portion 240 is supported by the head support
234 through guide rolls 242. The head rotator 238
has an operating arm 244 which is at one end
thereof in contact with one end of the held portion
240, and rotates the held portion 240 through the
operating arm 244. Therefore, the maximum rota-
tion of the sucking head 230 is limited to a com-
paratively small angle. The electronic-component
mounting apparatus is capable of adjusting an in-
correct hold-position of the component 236 about
the center line of the sucking portion, but incapable
of rotating the component 236 a large angle such
as 45 degrees, 90 degerees or 180 degrees, before
mounting the component 236 on the printed-circuit
board or the like.

Because the maximum rotation of the sucking
pipe 232 is narrowly limited as described above,
the sucking head 230 must be returned fo its initial
rotational position each time the sucking head 230
has mounted one electronic component. Otherwise,
the sucking head 230 will disadvantageously reach
one of both limits of a maximum-rotation range in
which the head 230 is rotatable, as a result of the
head 230 being rotated little by little in one direc-
tion in the case where a number of electronic
components 236 are successively held by the head
230, each having an incorrect rotational position in
the same direction.

Further, there is well-known an electronic-com-
ponent mounting apparatus of a type having a head
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support which is rotated about a rotation axis there-
of intermittently, i.e., a predetermined angle at a
time, and plurality of holding heads supported by
the head support such that the holding heads are
apart from each other on a circle by the same
angle as the predetermined angle. In this mounting
apparatus, each holding head receives an elec-
fronic component at a receive-stop as one of the
stops at which the holding heads are stopped, and
mounts the component on a printed-circuit board or
the like at a mount-stop other than the receive-
stop. A number of electronic components are held
by the holding heads, and successively mounted
on the printed-circuit board, as the head support is
intermittently rotated in one direction. Thus, a cycle
time that is a time period required for mounting
one electronic component on a mount is shortened
in this mounting apparatus, and the efficiency of
the work for mounting electronic components on
the mount is encreased.

EP 0 062 335 discloses a method of mounting
an electronic component on a mount such as a
printed circuit board, comprising a step of detect-
ing by a hold-position detecting device a hold-
position of the electronic component in which said
electronic component is held by a sucking pipe of
an electronic-component holding apparatus by
means of vacuum suction through said sucking
pipe, the outline of said sucking pipe being wholly
enclosed by the outline of the held electronic com-
ponent as viewed in a direction parallel to a center
line of said sucking pipe, said step of detecting
comprising emitting light beams from one side of
said electronic component in said direction toward
said electronic component held by said sucking
pipe, taking a projection of said electronic compo-
nent on the other side of said electronic component
such that said projection includes said outline of
said outline of said electronic component as viewed
in said direction, and detecting a position of said
projection, thereby detecting said hold-position of
said component.

However, the cycle time is increased and the
mounting-work eficiency is lowered, in the case
where the operations of receiving the electronic
component, of detecting a hold-position of the
component received, and adjusting an incorrect
hold-position of the component are conducted at
the one and only stop.

Further, in the case where the head rotator is
disposed on the head support which supports the
holding heads in a rotatable fashion and moved
together with the head support, the number of the
head rotator(s) should be equal to the number of
the holding head(s). In this case, the mounting
apparatus becomes complex in construction and
therefore expensive.
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The present invention has been developed in
the above-indicated situations, and it is therefore an
object of the invention to provide for a method of
precisely detecting a hold-position of an electronic
component held by a holding apparatus, irrespec-
tive of roughness or tone of color on the surface of
the component, and provide for an apparatus for
practising the method.

It is another object of the invention to provide
for an electronic component mounting apparatus
which mounts electronic components on a mount
such as a printed-circuit board, with high precision
and efficiency, and which has a simple construc-
tion.

The present invention, in a first aspect is
characterised by a method mounting an electronic
component on a mount such as a printed circuit
board, comprising holding the component by suc-
fion via a suction pipe disposed such that the
outline of the suction pipe is wholly within the
outline of the component when viewed axially of
the suction pipe, detecting the position of the com-
ponent by directing light from one side of the
component on the other side thereof, and detecting
the position of said projection, characterised by the
steps of

holding a plurality of said components by suc-
tion at respective predetermined stations angularly-
spaced about an axis of rotation,

one said station being a receiving station
whereat a component is received and held by
suction, a further said station being a mounting
station whereat a component is mounted, another
said station being a detecting station whereat the
said position of a component is detected, the de-
tecting station being disposed between the receiv-
ing and the mounting stations,

moving the components successively from the
receiving station to the detecting station and thence
to the mouting station, the position of a component
at the detecting station being detected whilst other
components are being respectively received and
mounted at the receiving and mounting stations.

The hold-position detected may include a rota-
tional (angular) position of the component about a
rotation axis thereof and/or a position of the com-
ponent on a plane perpendicular to the rotation axis
of the component.

By using the above method, the hold-position
of any kind of electronic component is accurately
detected. This is because the projection of the
component upon which the hold-position is de-
tected is free from the influence of roughness or
tone-of-color on the surface of the component. Al-
though the projection does not represent details of
an inner portion surrounded by an outline, the
outline, of it is clean, is satisfactorily usable for
accurately detecting the hold-position of the com-
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ponent.

The present invention, in a second aspect,
provides apparatus characterised by apparatus for
mounting an electronic component on a mount
such as a printed circuit board, comprising means
for holding the component by suction via a suction
pipe disposed such that the outline of the suction
pipe is wholly within the outline of the component
when viewed axially of the suction pipe, means for
detecting the position of the component by direct-
ing light from one side of the component towards
the component to produce a projection of the com-
ponent on the other side thereof, and detecting the
position of said projection, characterised in that
there are a

plurality of said means for holding components
by suction at respective predetermined stations
angularly-spaced about an axis of rotation,

one said station being a receiving station
whereat a component is received and held by
suction, a further said station being a mouting
station whereat a component is mounted, another
said station being a detecting station whereat the
said position of a component is detected, the de-
tecting station being disposed between the receiv-
ing and the mounting stations.

means for moving the components succes-
sively from the receiving station o the detecting
station and thence to the mounting station, the
detecting means being arranged to detect the posi-
tion of a component at the detecting station whilst
other components are being respectively received
and mounted at the receiving and mounting sta-
tions

The above holding apparatus is capable of
accurately detecting the hold-position of the elec-
fronic component, because it takes a clean projec-
tion of the component, i.e., a complete projection
without any flaws or missings, by means of utilizing
the light beams having passed through the trans-
parent part of the sucking head parallelly to the
center line of the sucking pipe, and uses the pro-
jection for detecting the hold-position. At the same
time, the present holding apparatus has a simpli-
fied construction because of employing the elec-
tronic image means which directly senses the pro-
jection of the component. The electronic image
means also contributes to increasing the accuracy
of detection of the hold-position.

It is simplest but not essential to arrange the
light emitter and the electronic image means on the
one and only optical axis. In one embodiment of
the above-indicated holding apparatus, the hold-
position detecting device also, includes reflection
means for changing a direction of passing of the
light beams from the light emitter to the electronic
image means, whereby the light emitter and the
electronic image means are positioned relative fo
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each other such that the light emitter and the
electronic image means have different optical axes.
That is, the relative arrangement between the light
emitter and the image means may be altered ac-
cording to peripheral circumstances.

In another embodiment of the above-indicated
holding apparatus, the head body includes a tubu-
lar member, a pair of transparent plates secured to
the tubular member such that the ftransparent
plates are parallel to each other and apart from
each other axially of the tubular member, so as to
define a substantially air-tight space within the tu-
bular member, a communication passage formed
through the tubular member so as to communicate
between the space and a vacuum source, and a
through-hole formed through one of the transparent
plates in a direction of thickness thereof, the suck-
ing pipe being supported by the head body with
the one end thereof inserted through the through-
hole of the one transparent plate. This embodiment
enjoys an advantage that the air-tight sapce as a
passage for communicating between the sucking
pipe and the vacuum source is not projected on
the electronic image means. More specificically
described, the air-tight space defined by the tubu-
lar member and the two transparent plates does
not produce a problem with such a passage formed
through a transparent body, i.e., a problem that,
when light beams pass through the transparent
body so as to make the projection of the compo-
nent on the image means, the light beams are
partially reflected by a side wall of the passage so
that the passage may be also projected on the
image means.

According to a third aspect of the invention,
there is provided an electronic-component mount-
ing apparatus for mounting an electronic compo-
nent on a mount such as a printed-circuit board,
the apparatus having; (a) at least one holding head
including a head body and a sucking pipe sup-
ported at one end thereof by the head body and
capable of holding at the other end thereof the
electronic component by means of vacuum suction
therethrough, at least a part of the head body
which surrounds a center line of the sucking pipe
being made of a transparent material; (b) a head
moving device supporting the at least one holding
head, and moving the holding head from a receive-
stop at which the holding head receives the elec-
tronic component from an electronic-component
supply to a mount-stop at which the holding head
mounts the electronic component on the mount, by
way of at least one intervening stop; and (c) a hold-
position detecting device including a light emitter
for emitting light beams in a direction parallel to the
center line of the sucking pipe so as to take a
projection of the electronic component held by the
sucking pipe, and further including electronic im-
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age means for detecting a position of the projection
of the electronic component, the hold-position de-
tecting device being disposed at a deteci-stop
which is one of the at least one intervening stop.

In a preferred embodiment of the above mount-
ing apparatus, the head moving device has a head
support which is rotatable about a rotation axis
thereof by a predetermined angle at a time, the
head support supporting a plurality of the holding
heads such that the holding heads are spaced from
each other by the predetermined angle about the
rotation axis of the head support and that each of
the holding heads is rotatable about a rotation axis
thereof.

In another embodiment of the electronic-com-
ponent mounting apparatus, the at least one hold-
ing head is supported by the head moving device
such that the holding head is rotatable about a
rotation axis thereof perpendicular to a direction of
movement thereof, while the at least one interven-
ing stop include a rotate-stop between the detect-
stop and the mount-stop, and the mounting appara-
tus further includes a head rotator disposed at the
rotate-stop and rotating the holding head stopped
at the rotate-stop, by means of engagement with
the holding head, about the rotation axis of the
holding head by an angle determined based upon
the hold-position of the electronic component which
is detected by the hold-position detecting device.

In a preferred form of the above-indicated em-
bodiment, each of the at least one holding head
has a driven rotor having a circular cross section, a
center line, of the driven rotor lying on the rotation
axis of the holding head, while the head rotator has
a drive rotor having a circular cross section and
being engageable with the driven rotor, an actuator
for bringing the drive rofor into contact with or
away from the driven rotor, and drive means for
causing the drive rotor to be rotated.

In the electronic-compnent mounting apparatus
constructed as desribed above, each holding head
is moved in order from the receive-stop, through
the detect-stop and the rotate-stop, to the mount-
stop. At the receive-stop, the holding head receives
the electronic component from the electronic-com-
ponent supply. At the detect-stop, the hold-position
of the component held by the holding head is
detected by the hold-position detecting device us-
ing the electronic image means. At the rotate-stop,
the head rotator rotates the holding head by an
angle determined upon the hold-position detected
at the detect-stop, so that the rotational position of
the hold-position of the component is adjusted. And
at the mount-stop, the holding head mounts the
component which has been re-positioned at the
rotate-stop, on the mount such a printed-circuit
board.
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In the case where a single head rotator is
responsible for rotating a plurality of holding heads
so as to adjust the hold-position of the component
held by each of the heads, the mounting apparatus
has a simplified construction and therefore costs
lower.

Furthermore, in the case where the head rota-
tor is fixed at a location away from the head
support, a portion which is moved together with the
holding head(s) has a reduced rotational inertia.
Thus, the head moving device becomes small, and
the vibration and noise associated with movements
and stops of the holding head(s) is reduced, per-
mitting the holding head(s) to be rotated at a higher
speed. As a result, the efficiency of the work for
mounting the electronic compnents on the mount is
increased.

In the case where the head support is adapted
to support a plurality of holding heads and be
rotated intermittently, i.e., by a predetermined an-
gle at a time, the operations of receiving the elec-
fronic component, of detecting the hold-position of
the component by means of the hold-position de-
tecting device, of rotating the component by means
of the head rotator so as to adjust the hold-position,
and of mounting the comopnent on the mount are
concurrently performed. Therefore, the cylcle time
of the mounting apparatus is shorter than in con-
ventional apparatus, and the mounting-work effi-
ciency of the mounting apparatus is increased.

In the case where the drive rotor of the head
rotor and the driven rotor of the holding head are
adapted to each have a circular cross section and
be engageable with each other, the engagement
and disengagement between the drive rotor and
the driven rotor takes place at any relative angular
position therebetween. Consequently, the head ro-
tator has only to have a function of rotating the
holding head an angle required for adjusting an
incorrect hold-position of the component. In other
words, the head rotator need not have a function of
returning the holding head to its initial (reference)
angular position each time the holding head has
mounted one electonic component.

In the previously-indicated preferred form of
the mounting apparatus, the driven rotor may have
an inside friction surface which defines therein a
cylindrical space, while the drive rotor may have a
swelling portion which is frictionally engageable
with the inside friction surface of the driven rotor,
the actuator moving the drive rotor in a direction of
an axis of the drive rotor so as to bring the drive
rotor into or out of the cylindrical space in the
driven rotor, the actuator further causing the swell-
ing portion of the drive rotor to be expanded radi-
ally outwardly of the drive rotor so as to frictionally
engage the drive rotor with the driven rofor.
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In the above case, a frictional force developed
from frictional engagement between the drive rotor
and the driven rotor is an internal force of a system
consisting of the drive rotor and the driven rotor,
and does not act on other members which supp-
port the drive rotor or the driven rotor. Therefore,
even when a considerably large frictional force is
developed between the drive and driven rotors, the
holding head and the head rotator are not moved
relative to each other. Accordingly, the rigidity of
the mounting apparatus can be reduced. This con-
fributes to rotating the holding head at a higher
speed because of reduced mass of the portion
moved together with the holding head, and also to
reducing the cost of the mounting apparatus.

Furthermore, the drive rotor may have a tubular
rotor body a part of which is to be inserted into the
inside friction surface of said driven rotor, an an-
nular member made of an elastic material and
mounted on the inserted part of the rotor body, a
plurality of through-holes formed through the in-
serted part of the rotor body inside the annular
member such that the through-holes extends radi-
ally of the rotor body and are equiangularly spaced
from each other circumferencially of the inserted
part, balls accommodated in the through-holes
such that the balls are movable in the through-
holes, and an operating member received in the
rotor body such that the operating member is mov-
able axially of the rotor body, the operating mem-
ber having at one end thereof a tapered portion
which is engageable with the ball in the through-
hole, relative movement of the operating member
with respect to the rotor body in a direction of an
axis of the rotor body causing the annular member
to be expanded as a result of the balls being
moved by the tapered portion of the operating
member, thereby causing the annular member to
be frictionally engaged with the inside friction sur-
face, the balls and the annular member cooperating
with each other to serve as the swelling portion.

In the above case, the mounting apparatus has
a simplified construction, and costs lower.

Moreover, between the operating member and
the rotor body, may be provided an elastic member
which biases the operating member in a direction
in which the tapered portion of the operating mem-
ber is brought into a non-operation position thereof
where the tapered portion is apart from the balls,
the actuator causing the swelling portion to be
inserted into the inside friction surface by means of
moving the rotor body along the axis of the rotor
body through the operating member and the elastic
member, the actuator causing the operating mem-
ber to be moved relative to the rotor body against
a biasing force of the elastic member after comple-
tion of insertion of the swelling portion into the
inside friction surface, thereby causing the swelling
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portion to be expanded radially outwardly of the
rotor body, through the tapered portion and the
balls.

In this case, the actuator has only to move the
operating member along the axis of the operating
member in order to cause the swelling portion of
the drive rotor to be inserted into the inside friction
surface of the driven rotor and to be subsequently
expanded. Thus, the construction of the mounting
apparatus is further simplified. The reduction in
cost of the apparatus is also achieved.

In another preferred form of the electronic-
component mounting apparatus according fo the
third aspect of the invention, the head moving
device further has brake means for inhibiting the at
least one holding head from rotation thereof by
means of engagement of the brake means with the
holding head or with a member which is rotatable
together with the holding head, while the head
rotator has brake-releasing means for releasing the
brake means out of the above engagement while
the head rotator is rotating the holding head.

In the above case, the holding head is free
from unexpected rotation thereof due to vibration or
impact accompanied with movements of the head
support, and is readily rotated when required to be
rotated. Thus, any incorrect hold-position of the
electronic component held by the holding head is
adjusted more precisely.

Reference will now be made by way of exam-
ple to the accompanying drawings in which :-

Fig. 1 is a perspective view showing one em-
bodiment of an electronic-component mounting
apparatus of the present invention;

Fig. 2 is a front elevational view in cross section
showing a mounting device used in the mount-
ing apparatus of Fig. 1;

Fig. 3 is a cross sectional view taken along 3-3
of Fig. 2;

Fig. 4 is a cross sectional view taken along 4-4
of Fig. 2;

Fig. 5 is a cross sectional view taken along 5-5
of Fig. 4;

Fig. 6 is an illustrative view in cross section
taken along 6-6 of Figs. 7 and 8, showing the
relative positions of a hold-position detecting
device and a head rotator, which are used in the
mounting apparatus of Fig. 1, with respect fo the
mounting device of Fig. 2;

Fig. 7 is a front elevational view of the hold-
position detecting device of Fig. 6;

Fig. 8 is a front elevational view showing the
head rotator of Fig. 6 and a brake-releasing
device;

Fig. 9 is a plane view of the head rotator and the
brake-releasing device of Fig. 8, as seen from
the bottom thereof;
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Fig. 10 is a cross sectional view taken along 10-
10 of Fig. 8; and

Fig. 11 is a plane view showing an example of a
conventional electronic-component holding ap-
paratus.

MOST PREFERRED EMBODIMENT FOR PRAC-
TICING THE INVENTION:

There will be described in detail one embodi-
ment of the present invention with reference to the
accompanying drawings.

Referring first to Fig. 1, there is shown an
external view of an electronic-component mounting
apparatus as one embodiment of the invention. The
instant electronic-component mounting apparatus
has a housing 10, an electronic-component supply
12, a board feed-in device 14, a board feed-out
device 16, a board positioning device 18 and an
electronic-component mounting device 20. The
housing 10 supports a supply support 30 such that
the supply support 30 is movable along a straight
line on the housing 10. The electronic-component
supply 12 consists of a number of supply units 32
which are mounted on the supply support 30 and
arranged in a row and in close contact with each
other, in a direction of movement of the supply
support 30. Each of the supply units 32 is provided
with tape-supported electronic components, and is
brought with the movement of the supply support
30 into a position in which the unit 32 directly faces
the electronic-component mounting device 20 and
supplies the mounting device 20 with one elec-
tronic component at a time. A further description
about the electronic-component supply 12 is omit-
ted because the supply 12 is well known.

A printed-circuit board on which electronic
components are to be mounted is fed in by the
board feed-in device 14, and loaded on the board
positioning device 18 by a loader (now shown). The
board positioning device 18 has a board support
36, and the board support 36 is mounted on an X-Y
table which is movable in a direction of an X-axis of
the mounting apparatus parallel to the direciton of
movement of the supply support 30, and in a
direction of a Y-axis direction of the apparatus
perpendicular to the X-axis direction. Thus, the
positioning device 18 supports the printed-circuit
board and precisely locates the board at any posi-
tion on a X-Y plane defined by the X and Y axes.
The electronic-component mounting device 20 re-
ceives an electronic component one after another
from the electronic-component supply 12, and suc-
cessively mount the components on the printed-
circuit board located in position by the positioning
device 18. After all the electronic components have
been mounted on the printed-circuit board, the
board is unloaded from the positioning device 18
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by an unloader (not shown), and fed out by the
board feed-out device 16. All the operations above
indicated are controlled by a controller 22. The
controller 22 incorporates a computer as a major
unit, and controls the devices in the present mount-
ing apparatus according to internal programs
stored in memories and external information en-
tered through, for example, magnetic disks or
tapes. The controller is provided with a control
panel 40, a display 42, and a monitor 44. The
display 42 displays indications entered through the
control panel 40, information entered externally,
operating conditions of the devices, or the like. The
monitor 44 is used for the operator to monitor a
hold-position of an electronic component in which
the component is held by a sucking head unit
(described below) as a holding head for holding the
component. The board feed-in and feed-out de-
vices 14 and 16, board positioning device 18, con-
troller 22, control panel 40, display 42 and monitor
44 are all well-known, and therefore further illustra-
tions about those devices are skipped. And there
will be described in detail the electronic-component
mounting device 20.

Referring next to Fig. 2, the electronic-com-
ponenet mounting device 20 has an axle 50 which
is supported by the housing 10 such that the axle
50 is rotatable about a vertical rotation axis thereof.
A disk 52 is fixed to an upper-end portion of the
axle 50, and rotatable together with the axle 50.
Twelve cam followers, 54 are secured to the disk
52 such that the followers 54 are equiangulary
spaced from each other circumferentially of the
disk 52. Reference numeral 56 designates a cam
56 which is ratatable about a horizontal rotation
axis thereof. The cam 56 is disposed relative to the
cam followers 54 such that the cam 56 is en-
gageable with the cam followers 54, and that a 360
degrees rotation (one rotation) of the cam 56 about
its rotation axis causes a 30 degrees rotation of the
disk 52 and the axle 50. The disk and the axle 50
are rotated intermittently, i.e., 30 degrees by each
rotation of the cam 56.

A head support 58 with a circular cross section
is fixed to a lower-end portion of the axle 50.
Twelve sucking head units 60 are secured to the
head support 58 such that the sucking head units
60 are equiangularly spaced from each other about
the rotation axis of the axle 50. All the twelve
sucking head units 60 have the same construction
that is shown in Figs. 3 through 5. Referring fo Fig.
3, each of the twelve head units 60 that are posi-
tioned on a peripheral portion of the head support
58 has a pair of vertical rods 62 which are movable
in a direction of axes thereof and which are con-
nected to each other at opposite ends thereof by
means of an upper and a lower connector 63 and
64. The upper connector 63 is provided with a cam
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follower 65 which is engaged with a cam 66 with a
circular cross section as shown in Fig. 2. The cam
66 is fixed to the housing 10, and has in an outside
surface thereof an annular cam groove 67 which is
deformed or inclined with respect to a horizontal
plane that is perpendicular to the vertical rods 62.
The engagement of the cam follower 65 with the
inclined cam groove 67 of the cam 66 causes the
rods 62 to be moved up and down, as the head
support 58 is rotated together with the axle 50.

The lower connector 64 is provided with an
axletree 68 and an arm 69. The arm 69 is sup-
ported by the axletree 68 such that the arm 68 is
rotatable about a vertical rotation axis thereof. As
clearly shown in Fig. 4, the arm 69 has at one end
thereof a pair of sucking heads 70 as holding
heads for holding an electronic component. At the
other end, the arm 69 has a pair of positioning
bushes 72. The pair of sucking heads 70 and the
pair of positioning bushes 72 lie on respective arcs
which have the common center on the rotation axis
of the arm 69. The angle contained by a pair of
center lines of the two sucking heads 70 with
respect o the rotation axis of the arm 69 is equal
to that contained by a pair of center lines of the
two positioning bushes 72 with respect to the rota-
tion axis of the arm 69. Referring to Fig. 5, the
lower connector 64 is further provided with a posi-
tioning pin 74. The positioning pin 74 is received
by the lower connector 64 such that the pin 74 is
vertically movable in the connector 64 and is nor-
mally biased downwardly by a spring 76. The posi-
tioning pin 74 has a tapered portion at a lower end
thereof, while each positioning bush 72 has a ta-
pered hole at an upper end thereof. With the ta-
pered portion of the pin 74 engaged with the ta-
pered hole of the bush 72 by a biasing force
exerted by the spring 76, the arm 69 is inhibited
from rotation thereof about its rotation axis. Thus,
either sucking head 70 is fixed at an operation
position in which the sucking head 70 is capable of
holding the electronic component. Out of the two
sucking heads 70, the more desirable one is se-
lected according to the kind of the electronic com-
ponent to be held. The engagement of the pin 74
with the bush 72 is released as an operating mem-
ber 78 fixed to the pin 74 is upwardly moved by an
actuator (not shown) against the downward biasing
force of the spring 76. In this condition, as the arm
69 is rotated by an arm rotator (not shown), the
other sucking head 70 is brought into the operation
position.

As most clearly shown in Fig. 5, each sucking
head 70 has a head body 86 including a tubular
member 80 made of a metallic material, and an
upper and a lower transparent plate 82 and 84
made of glass or of a synthetic resin. The upper
and lower plates 82 and 84 are secured to an
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upper and a lower end of the tubular member 80,
respectively, so that a substantially air-tight space
is formed within the head body 86. The lower
transparent plate 84 has a vertical through-hole in
which a sucking pipe 88 is press-fitted. The
through-hole formed through the lower plate 84
communicates between the air-tight space within
the head body 86 and the sucking pipe 88. The
head body 86 is received by an outer sylinder 90
such that the head body 86 is not rotatable relative
to the outer cylinder 90, and that the head body 86
is movable in a direction of an axis of the outer
cylinder 90. The head body 86 is normally located
by a spring 92 in a lower position thereof in which
the head body 86 is in contact with a stopper 94.
The outer cylinder 90 is received by a vertical
through-hole formed in the previously-indicated
arm 69, such that the outer cylinder 90 is rotatable,
and movable in a direction of an axis of the
through-hole of the arm 90. The outer cylinder 90
is normally located by a springe 96 in an upper
position thereof in which a flange 98 of the cylinder
90 is in contact with the arm 69. A driven rotor 102
is fixed to an upper end of the outer cylinder 90 by
screwing the driven rotor 102 into the outer cyl-
inder 90. The driven rotor 102 has an inside friction
surface defining therein a cylindrical space with a
center line of the sylindrical space lying on a
center line of the sucking pipe 88. The driven rotor
102 and the spring 96 are protected by a cover
104.

The arm 69 is provided with a brake device
110 for inhibiting the sucking head 70 (outer cyl-
inder 90 and head body 86) from rotation thereof.
The brake device 110 includes a friction member
112, a lever 114, a spring 116, and a pin 117. The
lever 114 is fixed to the arm 69 with the pin 117
such that the lever 114 is rotatable about the pin
117. The friction member 112 is fixed at one end
therof to one end of the lever 114. The spring 116
is fitted between the other end of the lever 114 and
the arm 69. The other end of the friction member
112 is received by a through-hole formed in the
arm 69 such that the tip of the other end of the
friction member 112 is in forced contact with an
outer surface of the outer cylinder 90, by a biasing
force of the spring 116, so as to inhibit the sucking
head 70 from rotation thereof.

The previously-indicated sucking pipe 88 com-
municates with a vacuum source (not shown), via
the air-tight space within the head body 86, a
passage 118 formed in the arm 69, a passage 120
formed in the axletree 68, a passage 122 formed in
the head support 58, a passage 124 formed in the
axle 50, a joint 126, and a port 128. A switch valve
130 is disposed at a joint portion between the
passage 120 and the passage 122. The switch
valve 130 is selectively placed by a switching de-
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vice (not shown) in one position thereof in which
the sucking pipe 88 communicates with the vacu-
um source or in the other position thereof in which
the sucking pipe 88 communicates with an ambient
air.

Referring next to Fig. 6, there are illustrated
twelve stops A through L at which each sucking
head 70 is orderly stopped as the head support 58
is rofated intermittently, i.e., 30 degrees at a time.
At stop A, the sucking head 70 receives an elec-
tronic component from the electronic-component
supply 12, and at stop G the sucking head 70
mounts the component on a printed-circuit board.
Hence, stop A is referred to as receive-stop, while
stop G as mount-stop. Between stops A and G
there are provided some intervening stops. At inter-
vening stop C, there is disposed a hold-position
detecting device 140, while at intervening stop E
there is disposed a head rotator 142. That is, stop
B is referred to as detect-stop, while stop E as
rotate-stop. In the case where the electronic com-
ponent held by the sucking head 70 has been
found, from the result of detection at stop C, to be
not a correct one, the electronic component is
released from the sucking head 70 at stop D, as a
result of the switch valve 130 being switched over.

As clearly shown in Fig. 7, the hold-position
detecting device 140 includes a light emitter 146
secured to an accessory frame 144 fixed to the
housing 10, a prism system 148, and an electronic
image device 150. The light emitter 146 is secured
to the accessory frame 144 by means of a bracket
152, and disposed right above the sucking head 70
stopped at the detect-stop (stop C). Light beams
emitted by the light emitter 146 pass through the
sucking head 70 in a direction parallel to a center
line of the sucking head 70, and then are changed
in direction by 90 degrees and further 90 degrees
by a pair of prisms 154 of the prism system 148.
After all, the electronic image device 150 receives
the light beams passing in a direction opposite to
the direction in which the light emitter 146 emits
the light beams initially. The electronic image de-
vice 150 has a lens 156, and converts a projection
of the electronic component W which is formed on
a screen of solid image sensors (not shown)
through the lens 156, into binary-coded signals.
The electronic image device 150 is secured to the
accessory frame 144 with the help of a bracket
160, and a facal distance of the image device 150
is adjustable by way of moving the bracket 160 up
and down by operating an adjustor knob 162. Ref-
erence numeral 164 designates a power supply for
the electronic image device 150.

As shown in Fig. 8, the head rotator 142 has a
drive rotor which includes as a major part thereof a
drive rotor body 174. The rotor body 174 is sup-
ported by a guide bush 172 such that the rotor
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body 174 is rotatable about a rotation axis thereof
and movable in a direction of an axis thereof. The
rotor body 174 is provided with a gear 176 which is
connected to a servo motor 182 (shown in Fig. 9)
via a gear 178 and a timing belt 180. The rotor
body 174 is rotated any angle by the servo motor
182.

The drive rotor body 174 is a tubular member
as shown in fig. 10, and has in an outer surface of
a lower-end portion thereof an annular, wide groove
184 in which is fitted a friction ring 186 made of a
rubber material. The tubular rotor body 174 also
has a plurality of through-holes which are formed
through a bottom wall of the wide groove 184,
radially of the rotor body 174. Each of these
through-holes accommodates a ball 188 such that
the ball 188 is movable in the through-hole. The
rotor body receives therein an operating member
192 having at a lower end thereof a tapered portion
190, such that the operating member 192 is slida-
ble within the rotor body 174. The operating mem-
ber 192 has a pin 194 fixed thereto, while the rotor
body 174 has a wide hole 196. With the pin 194
engaged with the wide hole 196, the operating
member 192 and the rotor body 174 are inhibited
from relative rotation therebetween, and limited in
relative movement therebetween in their axial di-
rection, to a width of the wide hole 196.

The drive rotor body 174 has at an upper-end
portion thereof a stopper ring 200 fixed thereto.
The downward movement of the rotor body 174 is
limited by the guide bush 172, at a lower position
of the rotor body 174 in which the stopper ring 200
is in contact with an upper end of the guide bush
172. The operating member 192 has around an
upper end thereof a nut 202 fixed thereto, and
between the nut 202 and an upper end of the rotor
body 174 there is disposed a spring 203 which
biases the operating member 192 upwardly relative
to the rotor body 174. The operating member 192
also has at the upper end thereof a tapered portion
204 which is engaged with an up-down member
206 through bearings 208. Reference Numeral 210
designates an engagement member fixed to the
up-down member 206. The engagement member
210 is engageable with the nut 202 so as to coop-
erate with the up-down member 206 to move the
operating member 192 up and down.

As can be understood from Fig. 8, the up-down
member 206 is supported by the accessory frame
170 via a pair of rods 212 and a guide block 214,
such that the up-down member is movable up and
down. The up-down member 206 is connected via
a connector rod 216 to a cam device (not shown)
for moving the up-down member 206 up and down.
In Fig. 8, the up-down member 206, rods 212,
guide block 214 and connector rod 216 are illus-
trated as they are after rotated a certain angle
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about the rotation axis of the drive rotor body 174,
for prompt understanding.

The head rotator 142 is disposed at stop E
such that a center line of the head rotator 142 is
aligned with a center line of the sucking head 70
stopped at stop E. When the up-down member 206
is moved downwardly, the drive rotor body 174 is
moved downwardly together with the up-down
member 192, so that the lower end of the rotor
body 174 on which the friction ring 186 is mounted
is inserted into the driven rotor 102 (see Fig. 5) of
the sucking head 70. The downward movement of
the rotor body 174 is stopped when the stopper
ring 200 is brought into contact with the upper end
of the guide bush 172, i.e., when the rotor body
174 is located in its lower position. After the down-
ward movement of the rotor body 174 is stopped at
its lower position, the operating member 192 is
further moved downwardly relative to the rotor
body 174 against the biasing force of the spring
203, so that the tapered portion 190 wedges off the
balls 188 radially outwardly of the rotor body 174
so as to partially expand the friction ring 186. As a
result, the friction ring 186 is frictionally engaged
with the inside friction surface 100. The balls 188
and the friction ring 186 cooperate with each other
to serve as a swelling portion of the drive rotor,
while the operating member 192 with the tapered
portion 190 serves as an operator (actuator)
mechanism.

In Fig. 8, there is illustrated a brake-releasing
device 218 for releasing the brake device 110. The
accessory frame 170 is provided with a fixed re-
lease lever 220 of the brake-releasing device 218.
The release lever 220 is connected at one end
thereof to a connector rod 222 and at the other end
thereof to an operating part 224. The connector rod
222 is connected to the previously-described con-
nector rod 216 via the not-shown cam device, such
that the connector rod 222 is moved up and down
in association with the connector rod 216. De-
scribed in detail, after the drive rotor body 174 is
moved downwardly and then the friction ring 186 is
pressed against the inside friction surface 100 of
the driven rotor 102, the operating part 224 works
on the lever 114 so as to release the brake device
110. Subsequently, the sucking head 70 is rotated
by a required angle. Before the rotor body 174 is
disengaged from the driver rotor 102, the brake
device 110 is returned to its braking operation.

Hereafter there will be described the operation
of the electronic-component mounting apparatus as
a whole. When at stop A (receive-stop) of Fig. 6
one sucking head 70 is receiving an electronic
component from the electronic-component supply
12, at stop C (detect-stop) another sucking head 70
is undergoing a detection by the hold-position de-
tecting device 140, i.e., are detected a rotational
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position of the component W (held by the sucking
head 70) with respect to the rotation axis of the
head 70 and a position of the component W on a
plane perpendicular to the rotation axis of the head
70, at stop E (rotate-stop) still another sucking
head 70 is being rotated by the head rotator 142 so
that the rotational position of the component W with
respect to the rotation axis of the head 70 is
adjusted, i.e. the component W is re-positioned
about the rotation axis of the head 70, and at the
same time at stop G (mount-stop) a further sucking
head 70 is mounting the component W on a
printed-circuit board. The above-indicated oper-
ations at stops A, C, E, and G are conducted
parallelly on the different sucking heads 70. Here,
attention is drawn to one single sucking head 70,
and each operation will be illustrated in detail as
the one sucking head 70 goes through those stops
in order.

When a sucking head 70 is stopped at stop A,
a selected one of the number of supply units 32 of
the electronic-component supply 12 is positioned
right below the sucking head 70. In this condition, a
tape-supported electronic component W is acces-
sible on the selected supply unit 32 after a cover-
ing tape is removed from the component-support-
ing tapes. If the driven rotor 102 (Fig. 5) is pushed
downwardly by a head-pushing device (not shown)
against a biasing force of the spring 96, the head
body 86 and the sucking pipe 88 are also moved
downwardly so that a lower end of the sucking pipe
88 is brought into contact with an upper surface of
the electronic component W. After that, the driven
rotor 102 and the outer cylinder 90 are further
moved downwardly, but the head body 86 and the
sucking pipe 88 are not moved any longer because
the spring 92 is compressed. In this condition, the
electronic component W is held by the sucking
pipe 88 through vacuum suction from the not-
shown vacuum source which communicates with
the sucking pipe 88. Next, when the sucking head
70 is moved upwardly due o releasing of the head-
pushing device from its pushing action, the elec-
tronic component W is also moved upwardly. Thus,
the operation at stop A is finished, that is, the
electronic-component mounting device 20 has re-
ceived the component W from the electronic-com-
ponent supply 12.

After receiving the electronic component W at
stop A, the sucking head 70 goes to stop C by way
of stop B. At stop C, the sucking head 70 is
located between the light emitter 146 and the prism
system 148 as shown in Fig. 7. Light beams emit-
ted by the light emitter 146 forms a projection of
the component W on a screen of the solid image
sensors of the electronic image device 150. The
electronic image device 150 converts the projection
into binary-coded signals, and supplies them to the
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controller 22. The controller 22 compares the sup-
plied binary-coded signals with reference binary-
coded signals representative of a correct hold-
position of the component W which are stored in
the memories of the controller 22, and calculates
A9, AX, and AY; A6 is an angular difference be-
tween the rotational (angular) position of the com-
ponent W and the reference, correct rotational po-
sition, and AX and AY are a positional difference
between the position of the component W and the
reference, correct position on the X-Y plane de-
fined by the X and Y axes of the instant electronic-
component mounting apparatus.

After undergoing the detection at stop C, the
sucking head 70 goes through stop D to stop E at
which the sucking head 70 is located right below
the drive rotor of the head rotator 142 (see Fig. 8).
As the up-down member 206 is moved downwardly
by the not-shown cam device, the lower-end por-
tion of the drive rotor body 174 is inserted into the
driven rotor 102 (see Fig. 5). If the up-down mem-
ber 206 is further moved downwardly, the operating
member 192 is moved downwardly relative to the
rotor body 174 (see Fig. 10), and the balls 188 and
the friction ring 186 are wedged off radially out-
wardly of the rotor body 174 so as to be pressed
against the inside friction surface 100 of the driven
rotor 102. Subsequently, the brake-releasing device
218 is actuated to release the brake device 110 out
of operation, i.e., inhibit the brake device 110 from
its braking action. Now, the sucking head 70 is in a
condition for being rotated. As the servo motor is
driven, the sucking head 70 is rotated. In this case,
the servo motor 182 is rotated by an angle cor-
responding to the value A6 that has been deter-
mined by the controller 22, and the sucking head
70 and the electronic component W held by the
head 70 are rotated an angle required to eliminate
the difference A6 between the detected rotational
position of the component W and the reference
rotational position. Next, the brake device 100 is
again in operation, the up-down member 206 is
moved upwardly, and the drive rotor body 174 is
disengaged from the driven rotor 102. Thus, the
operation at stop E, i.e., the adjustment of the
rotational position of the electronic component W is
finished.

While the sucking head 70 goes from stop E at
which the head 70 underwent the adjustment of its
rotational position, to stop G by way of stop F, the
printed-circuit board on which the sucking head 70
will mount the component W is located at a posi-
tion which has been determined based on the
values AX and AY so as to eliminate the positional
difference between the position of the component
W and the reference position on the X-Y plane
defined by the X and Y axes (directions) of the
present mounting apparatus. When the sucking
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head 70 is moved downwardly by the not-shown
head-pushing device, the electronic component W
held by the sucking head 70 is pressed on the
printed-circuit board, and fixed at a pre-determined
spot on the board with the help of, for example, an
adhesive. Successively, the switch valve 130 is
switched over, and the sucking pipe 88 is brought
into communication with the ambient air
(atmosphere). As a result, the electronic compo-
nent W is released from the sucking head 70, and
then the sucking head 70 is moved upwardly.
Thus, the operation at stop G, i.e., the mounting of
the component W on the printed-circuit board is
finished.

As can be easily understood from the fore-
going description, the electronic-component mount-
ing apparatus of the present invention utilizes the
projection of the electronic component W which is
formed on the screen of the solid image sensors of
the electronic image device 150. Projections do not
involve a problem with images which are taken
utilizing light reflected from an object, such as a
bad influence of the roughness or the fone of color
on the surface of the object. Therefore, the hold-
position of the electronic component W in which
the component W is held by the holding device is
detected with precision.

The present mounting apparatus performs the
plural operations at the defferent stops at a time,
i.e., the operations of receiving an electronic com-
ponent W, of detecting the hold-position of the
component W, of rotating the component W, and of
mounting the component W on a printed-circuit
board. Thus, the cycle time is shortened, and the
efficiency of the work for mounting the electronic
components is increased.

In this connection, it is easily understood that
the order of the above-indicated stops may be
changed, and a single stop may be responsible for
a plurality of operations out of the above-indicated
operations. For example, a single stop may be
desinged to work as both the rotate-stop and the
mount-stop.

The above-described mounting apparatus finds
wide applications, because each of the twelve arms
69 supported by the head support 58 has a pair of
sucking heads 70 so that out of the two sucking
heads 70 the more desirable one can be selected
according to the profile and dimensions of the
electronic component W to be held.

Contrary, it is possible to use a movable mem-
ber which supports a single holding head and
moves the holding head along a circle or a straight
line as a route of movement of the holding head.

It is appreciated that the sucking head 70 has
the transparent plates 82 and 84 around the suck-
ing pipe 88. This construction permits the light
beams from the light emitter 146 to pass through
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the sucking head 70 in a direction parallel to the
center line of the sucking head 70, i.e., the center
line of the sucking pipe 88. Thus, a clean projec-
tion is formed on the screen of the image sensors
of the electronic image device 150, and a precise
detection of the hold-position of the component W
is obtained.

The sucking head 70 with the sucking pipe 88
may be replaced by other systems for holding an
electronic component W, or may be used together
with such other systems. For example, a sucking
head having a pair of gripping jaws is advanta-
geously employed. In short, the present mounting
apparatus employs such a holding head as is ca-
pable of holding an electronic component such that
a hold-position of the component W held is pre-
cisely detected based on a part of the projection of
the component W, such as a part consisting of one
side with both end portions (edges), or a part
consisting of a pair of intersecting sides. In this
connection, in the case where light beams emitted
by a light emitter so as to take a projection of the
component W are obstructed by, for example, a
member supporting or actuating the grippig jaws, it
is possible to use the light beams which are in-
clined by a certain angle with respect to a center
line of the component W.

In the electronic-component mounting appara-
tus discribed above, the hold-position detecting de-
vice 140 and the head rotator 142 are each respon-
sible for the 24 sucking heads 70. Therefore, the
apparatus is simplified in construction, and costs
low in manufacturing. Further, it is appreciated that
the head rotator 142 is disposed at its fixed posi-
tion apart from the head support 58. This arrange-
ment permits the head support 58 to have a re-
duced rotational inertia and rotate at a higher
speed, while restricting vibration or noise due fo
intermittent rotations of the head support 58.

In the illustrative embodiment of the invention,
the swelling portion of the drive rotor is adapted to
be mechanically expanded. However, appropriate
modifications may be applied to the swelling por-
tion. For example, the swelling portion may be
adapted to be expanded with fluid pressure. The
fictional engagement of the swelling portion of the
drive rotor with the inside friction surface 100 of the
driven rotor 102 is not essential for the engage-
ment of the drive rotor with the driven rotor 102.
This engagement between the drive rotor and the
driven rotor 102 is achieved through fitting of the
driven rotor 102 in the swelling portion of the drive
rotor and subsequent frictional engagement of the
swelling portion with an outside friction surface of
the driven rotor 102. Further, that engagement is
achieved through frictional engagement between
the opposed ends of the drive rotor and the driven
rotor which are positioned concentric with each
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other, or through frictional engagement between
the outside friction surfaces of the two members
after radial, relative movement therebetween, or
through frictional engagement of the outside friction
surface of the smaller one of the two with the
inside friction surface of the larger one of the two.
In these cases, the up-down member (actuator) for
causing the two members to be brought into con-
tact with each other or disengaged from each other
is modified according to the selected modification
for the frictional engagement between the fwo
members.

Concerning stop E (rotate-stop) of the illus-
trated embodiment, there has been described only
the function of adjusting an incorrect rotational po-
sition of the component W held by the sucking
head 70. However, at this stop, the electronic com-
ponent can be rotated an angle necessary for
bringing the component into another posture, such
as 90 degrees or 180 degrees. In this case, the
board positioning device 18 for positionig the
printed-circuit board is capable of precisely locat-
ing the board at any position, even though the
device 18 does not have a function of rotating the
board.

Claims

1. A method mounting an electronic component
(W) on a mount such as a printed circuit
board, comprising holding the component by
suction via a suction pipe disposed such that
the outline of the suction pipe is wholly within
the outline of the component when viewed
axially of the suction pipe, detecting the posi-
tion of the component by directing light from
one side of the component towards the com-
ponent to produce a projection of the compo-
nent on the other side thereof, and detecting
the position of said projection, characterised
by the steps of

holding a plurality of said components by
suction at respective predetermined stations
angularly-spaced about an axis of rotation,

one said station being a receiving station
(A) whereat a component is received and held
by suction, a further said station being a
mounting station (G) whereat a component is
mounted, another said station being a detect-
ing station (C) whereat the said position of a
component is detected, the detecting station
being disposed between the receiving and the
mounting stations,

moving the components successively from
the receiving station to the detecting station
and thence to the mounting station, the posi-
tion of a component at the detecting station
being detected whilst other components are
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being respectively received and mounted at
the receiving and mounting stations.

A method according to claim 1, characterised
by detecting said electronic component by di-
recting light as aforesaid through at least a
portion of the suction pipe (88) which is made
of transparent material.

A method according to claim 2, characterized
by passing said light as aforesaid through a
transparent plate (82) which supports said suc-
tion pipe (88).

A method according to claim 3, characterized
by passing said light as aforesaid through a
pair of parallel spaced transparent plates (82,
84) which support the suction pipe (88) via a
tubular member (80).

A method according o any one of claims 1 fo
4, characterized by moving the components
from the detecting station to the mounting sta-
tion via an intermediate rotation station at
which the components are rotated by an angle
which is determined on the basis of the ori-
entation of the component which was detected
at said detecting station (C).

A method according o any one of claims 1 fo
5, characterized in that said step of detecting
said electronic component comprises convert-
ing said projection into binary-coded signals,
comparing said binary-coded signals with ref-
erence binary-coded signals representative of
a reference position for said electronic compo-
nent, said reference position including a refer-
ence angular position and a reference-X-Y po-
sition, and obtaining an angular difference be-
fween an angular position of said projection
and said reference angular position and a dif-
ference between an X-Y position of said pro-
jection and said reference X-Y position, the
angular positions being determined with re-
spect to said center line of said suction pipe
(88) and the X-Y positions being determined
on an X-Y plane which is perpendicular to said
center line of said suction pipe.

Apparatus for mounting an electronic compo-
nent (W) on a mount such as a printed circuit
board, comprising means (70, 58) for holding
the component by suction via a suction pipe
(88) disposed such that the outline of the suc-
tion pipe is wholly within the outline of the
component when viewed axially of the suction
pipe, means (140, 44) for detecting the posi-
tion of the component by directing light from
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10.

11.

24

one side of the component towards the com-
ponent to produce a projection of the compo-
nent on the other side thereof, and detecting
the position of said projection, characterised in
that there are a

plurality of said means (70, 58) for holding
components by suction at respective predeter-
mined stations angularly-spaced about an axis
of rotation,

one said station being a receiving station
(A) whereat a component is received and held
by suction, a further said station being a
mounting station (G) whereat a component is
mounted, another said station being a detect-
ing station (C) whereat the said position of a
component is detected, the detecting station
being disposed between the receiving and the
mounting stations,

means (50, 52, 54, 56, 58) for moving the
components successively from the receiving
station to the detecting station and thence to
the mounting station, the detecting means be-
ing arranged to detect the position of a compo-
nent at the detecting station whilst other com-
ponents are being respectively received and
mounted at the receiving and mounting sta-
tions.

Apparatus according to claim 7, characterized
in that said each holding head (70) includes a
head body (86) comprising support means (84)
for supporting said suction pipe (88) at one
axial end thereof, at least a part of said support
means surrounding said center line of said
sucking pipe and being made of a transparent
material, said detecting means (140) being ar-
ranged to direct said light through at least a
portion of said transparent material.

Apparatus according to claim 8, characterized
in that said head body (86) further comprises a
tubular member (80), and said support means
consists of a transparent plate (82,84) secured
to said tubular member such that said trans-
parent plate supporis said suction pipe co-
axially with said tubular member.

Apparatus according to claim 9, characterized
in that said each holding head (70) includes a
pair of transparent plates (82, 84) secured to
said tubular member such that said transparent
plates are parallel to each other and spaced
apart from each other, the detecting means
(140) being arranged to direct said light beams
through said pair of fransparent plates.

Apparatus according to claim 10, characterized
in that said pair of transparent plates (82, 84)
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and said tubular member (80) cooperate with
each other to define a substantially air-tight
space within said tubular member, which
space is connected to a vacuum source and
communicates with a hole formed through one
(84) of said transparent plates in a direction of
thickness of said one transparent plate, said
suction pipe (88) being supported by said one
transparent plate (84), with one end thereof
inserted through said hole.

Apparatus according to any one of claims 7 fo
11, characterized in that said detecting means
(140) includes direction changing means (148)
for changing a direction of propagation of said
light which reach said other side of the elec-
fronic component such that said light beams
travel toward an electronic imaging means
(150).

Apparatus according to claim 12, characterized
in that said detecting means (140) includes a
light source (146) disposed on one side of the
electronic component, said electronic imaging
means (150) being disposed on the same side
of the electronic component such that said
light emitter and said electronic imaging
means have their optical axes parallel to each
other.

Apparatus according to any one of claims 7 fo
13, characterized by further comprising a head
rotator (142) disposed at a rotation station (E),
intermediate between said detecting and
mounting positions (C, G), said head rotator
being engagable with said each holding head
(70), for rotating said each holding head stop-
ped at said rotation station (E), about the rota-
tion axis thereof, by an angle determined on
the basis of the orientation of the electronic
component which detected at said detection
station (C) by said detecting means (140).

Apparatus according to claim 14, characterized
in that each of said at least one holding head
(70) has a driven rotor (102) having a circular
cross section, a center line of said driven rotor
lying on said rotation axis of the holding head,
while said head rotator has a drive rotor (174,
186, 188, 192) having a circular cross section
and being engagable with said driven rotor, an
actuator (206) for bringing said drive rotor into
contact with or away from said driven rotor,
and drive means (176, 178, 180, 182) for caus-
ing said drive rotor to be rotated.

Apparatus according to claim 15, characterized
in that said driven rotor (102) has an inside
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friction surface (100) which defines therein a
cylindrical space, while said drive rotor (174,
186, 188, 192) has an expanable portion (186,
188) which is frictionally engagable with said
inside friction surface of the driven rotor, said
actuator (206) moving the drive rotor in a di-
rection of an axis of the drive rotor so as to
bring the drive rotor into or out of said cylin-
drical space in the driven rotor, said actuator
further being arranged to expand the expand-
able portion of the drive rotor radially out-
wardly of the drive rotor so as to frictionally
engage the drive rotor with the driven rofor.

Apparatus according to claim 16, characterized
in that said drive rotor has a tubular rotor body
(174) a part of which is to be inserted into said
inside friction surface (100) of said driven rotor,
an annular member (186) made of an elastic
material and mounted on said inserted part of
said rotor body, a plurality of through-holes
formed through the inserted part of the rotor
body inside said annular member such that
said through-holes extend radially of said rotor
body and are equiangularly spaced from each
other circumferentially of the inserted part,
balls (188) accommodated in said through-
holes such that said balls are movable in the
through-holes, and an operating member (192)
received in said rotor body such that said
operating member is movable axially of said
rotor body, said operating member having at
one end thereof a tapered portion (190) which
is engagable with said balls, relative movement
of said operating member with respect to said
rotor body in a direction of an axis of the rotor
body causing said annular member o be ex-
panded as a result of said balls being moved
by said tapered portion of said operating mem-
ber, thereby causing the annular member to be
frictionally engaged with the inside friction sur-
face, said balls and said annular member co-
operating to serve as an expandable portion
(186, 188).

Apparatus according to claim 17, characterized
in that between said operating member (192)
and said rotor body (174) is provided an elastic
member (203) which biases said operating
member in a direction in which said tapered
portion of the operating member is brought
into a non-operation position thereof where the
tapered portion is apart from said balls (188),
said actuator (203) causing said expandable
portion (186, 188) to be inserted into said
inside friction surface (100) by means of mov-
ing said rotor body along said axis of the rotor
body through said operating member and said
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elastic member, said actuator causing said op-
erating member to be moved relative to said
rotor body against a biasing force of said elas-
tic member after completion of insertion of
said expandable portion into said inside friction
surface, thereby causing said expandable por-
tion to be expanded radially outwardly of said
rotor body, through said tapered portion and
said balls.

Apparatus according to any one of claims 14
fo 18, characterized in that said head moving
device (50, 52, 54, 56, 58) further has brake
means (110) for inhibiting said at least one
holding head (70) from rotation thereof by
means of engagement of said brake means
with the holding head or with a member which
is rotatable together with the holding head,
while said head rotator (142) has brake-releas-
ing means (218) for releasing said brake
means out of said engagement while said head
rotator is rotating the holding head.

Patentanspriiche

1.

Eine Methode zum Befestigen eines elektroni-
schen Bauelements auf einer Unterlage, wie z.
B. einer Leiterplatte, die umfaBt: das Halten
des Bauelements durch Saugen mit Hilfe einer
Saugrohrs, das auf eine solche Weise ange-
ordnet ist, daB die Begrenzung des Saugrohrs
vollkommen innerhalb der Begrenzung des
Bauelements liegt, wenn sie in axialer Richtung
des Saugrohrs betrachtet wird; das Ermitteln
der Position des Bauelements durch Richten
von Licht von einer Seite des Bauelements auf
das Bauelement, um eine Projektion des Bau-
elements auf der anderen Seite desselben zu
erzeugen; und das Ermitteln der Position der
vorerwdhnten Projektion, charakterisiert durch
die Schritte:

des Haltens einer Vielheit der vorerwdhnten
Bauelemente durch Saugwirkung auf den ent-
sprechenden vorbestimmten Stationen, die in
einem Winkel um eine Rotationsachse ange-
ordnet sind,

wobei eine der vorerwdhnten Stationen eine
Aufnahme-Station (A) ist, in der ein Bauele-
ment aufgenommen und durch Saugwirkung
gehalten wird, wobei eine weitere der vorer-
wihnten Stationen eine Befestigungs-Station
(G) ist, in der ein Bauelement befestigt wird,
wobei eine andere der vorerwdhnten Stationen
eine Ermittlungs-Station (C) ist, in der die vor-
erwdhnte Position eines Bauelements ermittelt
wird, wobei die Ermittlungs-Station zwischen
der Aufnahme-Station und der Befestigungs-
Station angeordnet ist;
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des Bewegens der Bauelemente nacheinander
von der Aufnahme-Station zu der Ermittlungs-
Station und dann zur Befestigungs-Station, wo-
bei die Position eines Bauelements in der
Ermittlungs-Station ermittelt wird, wdhrend an-
dere Bauelemente in der Aufnahme-Station
bzw. der Befestigungs-Station aufgenommen
bzw. befestigt werden.

Eine Methode gemiB Anspruch 1, charakteri-
siert durch das Ermitteln des vorerwdhnten
elektronischen Bauelements, indem Licht wie
vorerwdhnt durch wenigstens einen Teil des
Saugrohrs (88), der aus einem transparenten
Material besteht, gerichtet wird.

Eine Methode gemiB Anspruch 2, charakteri-
siert durch das Passieren des vorerwdhnten
Lichtes wie vorerwahnt durch eine transparente
Platte (82), die das vorerwdhnte Saugrohrs (88)
tragt.

Eine Methode gemiB Anspruch 3, charakteri-
siert durch das Passieren des vorerwdhnten
Lichtes wie vorerwdhnt durch ein Paar parallel
angeordneter transparenter Platten (82, 84), die
das vorerwdhnte Saugrohrs (88) mit Hilfe eines
rohrfdmigen Gliedes (80) tragen.

Eine Methode gemiB irgendeinem der Anspri-
che 1 bis 4, charakterisiert durch das Bewegen
der Bauelemente von der Ermittlungsstation
zur Befestigungsstation Uber eine Zwischensta-
tion, auf der die Bauelemente um einen Winkel
gedreht werden, der auf der Grundlage der
Ausrichtung des Bauelements bestimmt wird,
die auf der vorerwdhnten Ermittlungsstation
(C) ermittelt wurde.

Eine Methode gemiB irgendeinem der Anspri-
che 1 bis 5, charakterisiert dadurch, daB der
vorerwdhnte Schritt des Ermittelns des vorer-
wihnten Bauelements umfaBt: das Umwandeln
der vorerwdhnten Projektion in bindr geschliis-
selte Signale; das Vergleichen der vorerwdhn-
ten bindr geschlisselten Signale mit Bezugs-
werten bindr geschlisselter Signale, die fir
eine Bezugsposition flir das vorerwdhnte Bau-
element repdsentativ sind, wobei die vorer-
wihnte Bezugsposition eine Bezugswinkelposi-
tion und eine Bezugs-XY-Position einschlief;
und das Erlangen eines Winkelunterschiedes
zwischen einer Winkelposition der vorerw&hn-
ten Projektion und der vorerwdhnten Bezugs-
winkelposition und eines Unterschiedes zwi-
schen einer XY-Position der vorerwdhnten Pro-
jektion und der vorerwdhnten XY-Position, wo-
bei die Winkelpositionen mit Bezug auf die
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vorerwdhnte  Mittellinie des vorerwdhnten
Saugrohrs (88) bestimmt werden und die XY-
Positionen auf einer XY-Ebene bestimmt wer-
den, die senkrecht zu der vorerwdhnten Mittel-
linie des vorerwdhnten Saugrohrs verlduft.

Ein Apparat zum Befestigen eines elektroni-
schen Bauelements auf einer Unterlage, wie z.
B. einer Leiterplatte, der umfaBt:

Mittel (70, 58) zum Halten des Bauelements
durch Saugen mit Hilfe einer Saugrohrs (88),
das auf eine solche Weise angeordnet ist, daB
die Begrenzung des Saugrohrs vollkommen in-
nerhalb der Begrenzung des Bauelements
liegt, wenn sie in axialer Richtung des Saug-
rohrs betrachtet wird;

Mittel (140, 44) zum Ermitteln der Position des
Bauelements durch Richten von Licht von ei-
ner Seite des Bauelements auf das Bauele-
ment, um eine Projektion des Bauelements auf
der anderen Seite desselben zu erzeugen; und
das Ermitteln der Position der vorerwdhnten
Projektion, die durch Folgendes charakterisiert
sind:

eine Vielheit der vorerwdhnten Mittel (70, 58)
zum Halten von Bauelementen durch Saugwir-
kung auf den entsprechenden vorbestimmien
Stationen, die in einem Winkel um eine Rota-
tionsachse angeordnet sind,

wobei eine der vorerwdhnten Stationen eine
Aufnahme-Station (A) ist, in der ein Bauele-
ment aufgenommen und durch Saugwirkung
gehalten wird, wobei eine weitere der vorer-
wihnten Stationen eine Befestigungs-Station
(G) ist, in der ein Bauelement befestigt wird,
wobei eine andere der vorerwdhnten Stationen
eine Ermittlungs-Station (C) ist, in der die vor-
erwdhnte Position eines Bauelements ermittelt
wird, wobei die Ermittlungs-Station zwischen
der Aufnahme-Station und der Befestigungs-
Station angeordnet ist;

Mittel (50, 52, 54, 56, 58) zum Bewegen der
Bauelemente nacheinander von der Aufnahme-
Station zu der Ermittlungs-Station und dann
zur Befestigungs-Station, wobei die Ermitt-
lungsmittel angeordnet sind, um die Position
eines Bauelements in der Ermittlungs-Station
zu ermitteln, wahrend andere Bauelemente in
der Aufnahme-Station bzw. der Befestigungs-
Station aufgenommen bzw. befestigt werden.

Ein Apparat gem3B Anspruch 7, charakterisiert
dadurch, daB jeder vorerwadhnte Haltekopf (70)
einen Kopfk&rper (86) einschlieBt, der Tragmit-
tel (84) zum Tragen des Saugrohrs (88) an
einem axialen Ende desselben umfaBt, wobei
wenigstens ein Teil der vorerwdhnten Tragmit-
tel die vorerwdhnte Mittellinie des vorerwdhn-

10

15

20

25

30

35

40

45

50

55

16

10.

11.

12,

30

ten Saugrohrs umgibt und aus einem transpa-
renten Material besteht, wobei die vorerwidhn-
ten Ermittlungsmittel (140) angeordnet sind,
um das vorerwdhnte Licht durch wenigstens
einen Teil des vorerwahnten transparenten Ma-
terials zu richten.

Ein Apparat gem3B Anspruch 8, charakterisiert
dadurch, daB der vorerwidhnte Kopfk&rper (86)
ferner ein rohrformiges Glied (80) umfaBt, und
daB die vorerwdhnten Tragmittel aus einer
transparenten Platte (82, 84) bestehen, die an
dem vorerw3hnten rohrfGrmigen Glied auf eine
solche Weise befestigt ist, daB die vorerwdhnte
transparente Platte das vorerwdhnte Saugrohr
koaxial mit dem vorerwdhnten rohrférmigen
Glied tragt.

Ein Apparat gem3B Anspruch 9, charakterisiert
dadurch, daB der vorerwdhnte Haltekopf (70)
ein Paar fransparenter Platten (82, 84) ein-
schlieBt, die an dem vorerwdhnten rohrformi-
gen Glied auf eine solche Weise befestigt sind,
daB die vorerwdhnten transparenten Platten
parallel zu einander verlaufen und von einan-
der getrennt sind, und daB die vorerwdhnten
Ermittlungsmittel (140) angeordnet sind, um
die vorerwdhnten Lichtstrahlen durch das vor-
erwdhnte Paar transparenter Platten zu richten.

Ein Apparat gem3B Anspruch 10, charakteri-
siert dadurch, daB das vorerwdhnte Paar trans-
parenter Platten (82, 84) und das vorerwdhnte
rohrférmige Glied (80) mit einander zusam-
menarbeiten, um einen im wesentlichen |uft-
dichten Raum innerhalb des rohrférmigen Glie-
des zu begrenzen, wobei dieser Raum an eine
Vakuumquelle angeschlossen ist und mit ei-
nem Loch in Verbindung steht, das durch eine
(84) der vorerwdhnten transparenten Platten in
einer Richtung der Dicke der vorerwdhnten
transparenten Platte flihrt, wobei das vorer-
wihntes Saugrohr (88) von der vorerwihnten
fransparenten Platte (84) getragen wird, indem
ein Ende desselben durch das vorerwdhnte
Loch gesteckt ist.

Ein Apparat gem3B irgendeinem der Anspri-
che 7 bis 11, charakterisiert dadurch, daB die
Ermittlungsmittel (140) richtungsdndernde Mit-
tel (148) zum Andern der Richtung der Uber-
tragung des vorerwdhnten Lichts einschliefen,
das die vorerwdhnte andere Seite des elektro-
nischen Bauelements auf eine solche Weise
erreicht, daB die vorerwdhnten Lichtstrahlen
sich zu einer elektronischen Bildvorrichtung
(150) bewegen.
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Ein Apparat gem3B Anspruch 12, charakteri-
siert dadurch, daB die Ermittlungsmittel (140)
eine Lichtquelle (146) einschlieBen, die auf ei-
ner Seite des elektronischen Bauelements an-
geordnet ist, und daB die vorerwihnte elektro-
nische Bildvorrichtung (150) auf der gleichen
Seite des elektronischen Bauelements auf eine
solche Weise angeordnet ist, daB der vorer-
widhnte Lichtausstrahler und die vorerwdhnte
elektronische Bildvorrichtung ihre optischen
Achsen parallel zu einander haben.

Ein Apparat gem3B irgendeinem der Anspri-
che 7 bis 13, charakterisiert dadurch, daB er
ferner einen Kopfdrehk&rper (142) umfaft, der
an einer Drehstation (E) unmittelbar zwischen
der vorerwdhnten Ermittlungsposition und der
vorerwdhnten Befestigungsposition (C, G) an-
geordnet ist, wobei der vorerwdhnte Drehkdr-
per mit jedem vorerwdhnten Haltekopf (70) in
Eingriff treten kann, um den vorerwZhnten Hal-
tekopf, der an der vorerwdhnten Drehstation
(E) angehalten wird, um eine Rotationsachse
desselben mit einem Winkel zu drehen, der
auf Grund der Ausrichtung des elektronischen
Bauelements bestimmt wird, die auf der vorer-
wihnten Ermittlungsstation (C) durch die vorer-
wihnten Ermittlungsmittel (140) ermittelt wur-
de.

Ein Apparat gem3B Anspruch 14, charakteri-
siert dadurch, daB jeder der wenigstens aus
einem Haltekopf (70) bestehenden Haltek&pfe
einen getriebenen Drehk&rper (102) hat, der
eine kreisférmigen Querschnitt hat, wobei eine
Mittellinie des vorerwdhnten getriebenen Dreh-
kGrpers auf der vorerwidhnten Rotationsachse
des Haltekopfes liegt; wahrend der vorerwdhn-
te Kopfdrehkdrper besitzt einen antreibenden
Drehk&rper (174, 186, 188, 192), der einen
kreisfdrmigen Querschnitt hat und der mit dem
vorerwdhnten getriebenen Drehk&rper in Ein-
griff treten kann; ein Betitigungsorgan (206),
um den vorerwdhnten antreibenden Drehk&r-
per mit dem getriebenen Drehk&rper in Kon-
takt oder auBer Kontakt zu bringen; und An-
treibmittel (176, 178, 180, 182), um herbeizu-
flihren, daB der vorerwihnte antreibende Dreh-
kérper gedreht wird.

Ein Apparat gem3B Anspruch 15, charakteri-
siert dadurch, daB der vorerwdhnte getriebene
Drehk&rper (102) eine innere Reibungsfliche
(10) hat, die einen zylindrischen Raum be-
grenzt, wihrend der vorerwihnte antreibende
Drehk&rper (174, 186, 188, 192) einen aus-
dehnbaren Teil (186, 188) hat, der mit der
vorerwdhnten inneren Reibungsfliche des ge-
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triebenen Drehk&rpers reibungsmiBig in Ein-
griff treten kann, wobei das vorerwdhnte Betd-
tigungsorgan (206) den antreibenden Drehk&r-
per in einer Richtung einer Achse des antrei-
benden DrehkOrpers bewegt, um den antrei-
benden Drehk&rper in den vorerwdhnten zylin-
drischen Raum oder aus dem vorerwdhnten
zylindrichen Raum in dem getriebenen Dreh-
kérper zu bringen, wobei das vorerwdhnte Be-
tdtigungsorgan ferner angeordnet ist, um den
ausdehnbaren Teil des antreibenden Drehkdr-
pers radial nach auBen des antreibenden Dreh-
kGrpers auszudehnen, so daB der antreibende
Drehk&rper mit dem getriebenen Drehk&rper
reibungsmaBig in Eingriff treten kann.

Ein Apparat gem3B Anspruch 16, charakteri-
siert dadurch, daB der antreibende Drehk&rper
einen rohrférmigen Drehk&drper (174) hat, von
dem ein Teil in die innere Reibungsfliche
(100) des vorerwdhnten getriebenen Drehk&r-
pers einzusetzen ist; ein ringférmiges Glied
(186), das aus einen elastischen Material be-
steht und auf dem voerwdhnten eingesetzten
Teil des Drehkdrpers befestigt ist; eine Vielheit
von Durchgangsi6chern, die durch den einge-
setzten Teil des Drehk&rpers im Innern des
ringfGrmigen Gliedes auf solche Weise gebil-
det sind, daB sich die Durchgangsi&cher radial
im Drehk&rper erstrecken und im gleichen
Winkel angeordnet sind auf dem Umfang des
eingesetzten Teils; Kugeln (188), die in den
vorerwdhnten Durchgangsl&chern auf eine sol-
che Weise untergebracht sind, daB die Kugeln
in den Durchgangsl&chern beweglich sind; und
ein Stellglied (192), das in dem vorerwdhnten
Drehk&rper auf eine solche Weise aufgenom-
men ist, daB das vorerwihnte Stellglied axial in
dem vorerwdhnten Drehkdrper beweglich ist,
wobei das vorerwdhnte Steliglied an einem
Ende einen konischen Teil (190) hat, der mit
den vorerwdhnten Kugeln in Eingriff treten
kann, wobei die relative Bewegung des vorer-
widhnten Steligliedes in bezug auf den vorer-
wihnten Drehkdrper in einer Richtung der
Achse des Drehkdrpers das ringférmige Glied
veranlaBt, ausgedehnt zu werden als Folge
dessen, daB die vorerwdhnten Kugeln durch
den vorerwdhnten konischen Teil des vorer-
wihnten Stellgliedes bewegt werden, wodurch
das ringfdrmige Glied veranlaBt wird, reibungs-
maBig mit der vorerwidhnten inneren Reibungs-
fliche in Eingriff zu treten, wobei die vorer-
wihnten Kugeln und das vorerwdhnte ringfor-
mige Glied mit einander zusammenarbeiten,
um als ein ausdehnbarer Teil (186, 188) zu
dienen.
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Ein Apparat gem3B Anspruch 17, charakteri-
siert dadurch, daB zwischen dem Stellglied
(192) und dem vorerw&hnten Drehk&rper (174)
ein elastisches Element (203) vorhanden ist,
das das vorerwdhnte Stellglied in einer Rich-
tung vorspannt, in der der vorerwihnte koni-
sche Teil des Stellgliedes in eine auBer Betrieb
befindliche Position gebracht wird, in der der
konische Teil von den Kugeln (188) getrennt
ist, wobei das vorerwdhnte Betdtigungsorgan
(203) den ausdehnbaren Teil (186, 188) veran-
laBt, in die vorerwdhnte innere Reibungsflache
(100) eingesetzt zu werden, indem der vorer-
wihnte Drehk&rper entlang der Achse des
Drehk&rpers durch das vorerwdhnte Steliglied
und das vorerwihnte elastische Element be-
wegt wird, wobei das vorerwidhnte Betdtigungs-
organ das vorerwdhnte Stellglied veranlaBt, re-
lativ zu dem vorerwdhnten Drehkdrper gegen
eine vorspannende Kraft des vorerwdhnten ela-
stischen Elements, nach der Vollendung des
Einsetzens des vorerwdhnten ausdehnbaren
Teils in die vorerwdhnte innere Reibungsfl3-
che, bewegt zu werden, so daB dadurch der
vorerwdhnte ausdehnbare Teil veranlaBt wird,
sich radial vom vorerwdhnten Drehk&rper nach
auBen durch den vorerwZhnten konischen Teil
und die vorerwdhnten Kugeln auszudehnen.

Ein Apparat gem3B irgendeinem der Anspri-
che 14 bis 18, charakterisiert dadurch, daB die
vorerwdhnte Vorrichtung zum Bewegen des
Kopfes (50, 52, 54, 56, 58) ferner Bremsmitiel
(110) umfaBt, um den wenigstens einen vorer-
wihnten Haltekopf (70) am Rotieren zu hin-
dern, durch Mittel zum Eingriff der vorerwdhn-
ten Bremsmittel mit dem Haltekopf oder mit
einem Bauteil, das zusammen mit dem Halte-
kopf rotierbar ist, wdhrend der vorerwdhnte
Kopfdrehk&rper (142) eine Bremsausl&sevor-
richtung (218) zum Ausldsen der Bremsmittel
aus dem Eingriff besitzt, wihrend der vorer-
wihnte Kopfdrehk&rper den Haltekopf dreht.

Revendications

Une méthode de montage d'une composante
électronique (W) sur une monture telle qu'une
carte de circuits imprimés, comportant le main-
tien de la composante par succion au moyen
d'un tube de succion disposé de telle maniére
que le contour du tube de succion soit entiére-
ment 2 l'intérieur du contour de la composante
vue dans l'axe du tube de succion, la détection
de la position d'une composante en dirigeant
une lumiére venant d'un seul c6té de la com-
posante afin de produire une projection de la
composante de l'autre cOté de celle-ci et en
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détectant la position de ladite position caracté-
risée par les étapes suivantes:

le maintien d'une pluralité desdites compo-
santes par succion & des stations prédétermi-
nées espacées d'un angle donné autour de
I'axe de rotation,

I'une desdites stations étant une station de
réception (A) ol la composanie est regue et
maintenue par succion, une aufre desdites sta-
tions étant une station de montage (G) dans
laquelle une composante est montée, et une
autre desdites stations étant une station de
détection (C) ol la position de la composante
est détectée, la station de détection étant mon-
tée entre la station de réception et la position
de montage.

le déplacement des composantes succes-
sivement de la station de réception 3 la station
de détection et ensuite 4 la station de monta-
ge, la position de la composante 4 la station
de détection étant déteciée en méme temps
que d'autres composantes sont respectivement
recues et montées respectivement aux stations
de réception et de montage.

Une méthode selon la déclaration 1, caractéri-
sée par la détection de ladite composante
électronique en dirigeant une lumiére comme il
est dit ci-dessus a fravers au moins une partie
du tube de succion (88) qui est fait de maté-
riaux transparents.

Une méthode selon la déclaration 2, caractéri-
sée par le passage de ladite lumiére comme il
est dit ci-dessus a fravers une plaque transpa-
rente (82) qui supporte ledit tube de succion
(88).

Une méthode selon la déclaration 3, caractéri-
sée par le passage de ladite lumiére comme il
est dit ci-dessus & travers une paire de pla-
ques transparentes paralléles espacées enire
elles (82, 84) qui supportent ledit tube de
succion (88) au moyen d'un membre tubulaire
(80).

Une méthode selon I'une des déclarations 1 2
4, caractérisée par le déplacement des compo-
santes de la station de détection & la station
de montage en passant par une station inter-
médiaire de rotation 3 laquelle les composan-
tes sont tournées d'un angle qui est déterminé
sur la base de l'orientation de la composante
qui a été détectée A ladite station de détection

(©).

Une méthode selon I'une des déclarations 1 a
5, caractérisée par le fait que ladite étape de
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détection des composantes comporte une
conversion de ladite projection en signaux co-
dés binaires, une comparaison desdits signaux
codés binaires avec des signaux codés binai-
res représentant une position de référence
pour ladite composante électronique, ladite po-
sition de référence comportant une référence
de la position angulaire de ladite projection et
une référence de la position X-Y de ladite
projection et I'obtention d'une différence angu-
laire entre la position angulaire de ladite pro-
jection et ladite position angulaire de référence
et une différence entre la position X-Y de ladite
projection et ladite position de référence X-Y,
les positions angulaires étant déterminées par
rapport audit axe dudit tube de succion (88) et
les positions X-Y étant déterminées sur un
plan X-Y qui est perpendiculaire audit axe du-
dit tube de succion.

Un appareil de montage de composantes élec-
troniques (W) sur une monture telle qu'une
carte de circuits imprimés, comprenant des
moyens (70, 58) de maintien de la composante
par succion grice & un tube de succion (88)
disposé de telle sorte que le contour du tube
de succion soit entierement & lintérieur du
contour de la composante lorsque celle-ci est
vue dans l'axe du tube de succion, des
moyens (140, 44) de détection de la position
de la composante en dirigeant des rayons de
lumiére venant d'un cG6té de la composante
vers la composante afin de produire une pro-
jection de la composante de l'autre cOté de
celle-ci et de détecter la position de ladite
projection caractérisée par le fait qu'il y a

pluralité desdits moyens (70, 58) de main-
tien des composantes par succion & des sta-
tions respectives prédéterminées espacées
d'un angle donné autour d'un axe de rotation,

I'une desdites stations étant une station de
réception (A) a laquelle une composante est
regue et maintenue par succion, une autre
desdites stations étant une station de montage
(G) ol la composante est moniée, une auire
desdites stations étant une station de détection
(C) ou ladite position d'une composante est
détectée, la station de détection étant placée
enire la station de réception et la station de
montage,

des moyens (50, 52, 54, 56, 58) de dépla-
¢cement des composantes successivement de
la station de réception 2 la station de détection
et de 12 & la station de montage, les moyens
de détection étant disposés de maniére a dé-
tecter la position de la composante & la station
de détection tandis que d'autres composantes
sont regues et moniées respectivement aux
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stations de réception et de montage.

Un appareillage selon la déclaration 7, caracté-
risé par le fait que chaque t#te de maintien
(70) comporte un corps de téte (86) compre-
nant des moyens de support (84) pour suppor-
ter ledit tube de succion (88) a I'une de ses
extrémités axiales, au moins une partie desdits
moyens de support entourant I'axe dudit tube
de succion étant faite d'un matériau transpa-
rent, lesdits moyens de détection (140) étant
disposés de maniére 2 diriger ladite lumiére 2
travers une pariie au moins dudit matériau
transparent.

Un appareillage selon la déclaration 8, caracté-
risé par le fait que ledit corps de téte (86)
contient en outre un membre tubulaire (80) et
que lesdits moyens de support consistent en
plagues transparentes (82, 84) fixées audit
membre tubulaire de telle fagon que lesdites
plaques transparentes supportent ledit tube de
succion coaxialement avec ledit membre tubu-
laire.

Un appareillage selon la déclaration 9, caracté-
risé par le fait que chaque t#te de maintien
(70) comporte une paire de plaques transpa-
rentes (82, 84) fixées audit membre tubulaire
de fagon que lesdites plaques transparentes
soient parallées entre elles et séparées I'une
de l'autre, les moyens de détection (140) étant
disposés de maniére & diriger lesdits rayons
lumineux & travers ladite paire de plagues
transparentes.

Un appareillage selon la déclaration 10, carac-
térisé par le fait que ladite paire de plaques
transparentes (82, 84) et ledit membre tubulai-
re (80) coopérent entre eux de fagon a définir
un espace relativement étanche a I'air 3 'inié-
rieur dudit membre tubulaire, lequel espace
est relié & une source de vide et communique
avec un trou formé dans l'une (84) desdites
plaques ftransparentes dans la direction de
I'épaisseur de ladite plaque transparente, ledit
tube de succion (88) étant soutenu par ladite
plague transparente (84), 'une des exirémités
du tube étant insérée dans ledit trou.

Un appareillage selon I'une quelconque des
descriptions 7 4 11, caractérisé par le fait que
lesdits moyens de détection (140) comportent
des moyens de changer la direction (148) pour
changer la direction de propagation de ladite
lumiére qui atteint ledit auire c6té de la com-
posante électronique de fagon que les rayons
lumineux soient dirigés vers des moyens élec-
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troniques de formation d'image (150).

Un appareillage selon la déclaration 12, carac-
térisé par le fait que lesdits moyens de détec-
tion (140) comporient une source de lumiére
(146) plagée d'un cbté de la composante élec-
tronique, lesdits moyens électroniques de for-
mation d'image (150) étant placés du méme
cb6té de la composante électronique, de telle
maniére que ladite source de lumiére et lesdits
moyens électroniques de formation d'image
aient leurs axes optiques paralléles I'un & I'au-
tre.

Un appareillage selon I'une quelconque des
déclarations 7 a 13, caractérisé par ce qu'il
comprend en ouire un rotateur de tétes (142)
disposé & une station de rotation (E) intermé-
diaire entre lesdites stations de détection et de
montage (C, G), ledit rotateur de tétes pouvant
s'engager avec chacune desdites tétes de
maintien (70) afin de faire tourner chacune
desdites tétes de maintien arrétées i ladite
station de rotation (E) autour de son axe de
rotation et ce d'un angle déterminé sur la base
de l'orientation de la composante électronique
détectée 2 ladite station de détection (C) par
lesdits moyens de détection (140).

Un appareillage selon la déclaration 14, carac-
térisé en ceci que chacune desdites tétes de
maintien 70 (au moins une) dispose d'un rotor
passif (102) ayant une section transversale cir-
culaire, I'axe dudit rotor passif coincidant avec
I'axe de rotation de ladite téte de maintien,
tandis que ledit rotateur de tétes dispose d'un
rotor actif (174, 186, 188, 192) ayant une sec-
tion transversale circulaire et pouvant s'enga-
ger avec ledit rotor passif, un activateur (206)
pour metire ledit rotor actif en contact avec
ledit rotor passif ou l'en dégager et des
moyens de rotation (176, 178, 180, 182) pour
causer la rotation dudit rotor actif.

Un appareillage selon la description 15, carac-
térisé par le fait que ledit rotor passif (102)
posséde une surface de friction interne (100)
définissant a I'intérieur dudit rotor passif un
espace cylindrique, tandis que ledit rotor actif
(174, 186, 188, 192) posséde une partie renfla-
ble (pouvant se renfler) (186, 188), qui peut
s'engager par friction avec ladite surface inter-
ne de friction du rotor passif, ledit activateur
(206) déplagant le rotor aciif dans la direction
de I'axe du rotor passif de fagon & amener le
rotor actif dans ledit espace cylindrique du
rotor passif ou & I'en faire sortir, et ledit activa-
teur étant en outre disposé de maniére 3 faire
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renfler radialement vers l'exiérieur la partie
renflable du rotor actif de maniére & engager
le rotor actif par friction avec le rotor passif.

Un appareillage selon la déclaration 16, carac-
térisé en ce que ledit rotor actif a un corps de
rotor tubulaire (174) dont une partie est 2 insé-
rer dans ladite surface de friction interne (100)
dudit rotor passif, un membre annulaire (186)
fait d'un matériau élastique et monté sur ladite
partie insérée dudit corps de rotor, une plurali-
té de trous percés dans la partie insérée du
corps de rotor a l'intérieur dudit membre annu-
laire de telle fagon que lesdiis trous s'étendent
radialement autour dudit corps de rotor et
soient espacés d'un angle égal autour de la
circonférence de la pariie insérée, des billes
(188) logées dans lesdits trous de telle fagon
que les billes puissent rouler & l'intérieur des
trous et un membre opératoire (192) regu dans
ledit corps de rotor de telle maniére que ledit
membre opératoire puisse se déplacer le long
de l'axe dudit corps de rotor, ledit membre
opératoire ayant & I'une de ses exirémités une
partie filetée (190) pouvant s'engager avec les-
dites billes de fagon que le mouvement relatif
dudit membre opératoire par rapport audit
corps du rotor dans la direction de l'axe du
corps de rotor cause une expansion dudit
membre annulaire par suite du mouvement
des billes provoqué par ladite portion filetée
dudit membre opératoire, causant ainsi I'enga-
gement par friction du membre annulaire avec
la surface de friction interne, lesdites billes et
ledit membre annulaire coopérant pour servir
de partie renflable (186, 188).

Un appareillage selon la déclaration 17, carac-
térisé en ce qu'enire ledit membre opératoire
(192) et ledit corps de rotor (174) se trouve un
membre élastique (203) qui biaise ledit mem-
bre opératoire dans une direction telle que
ladite partie filetée du membre opéraioire est
amenée dans une position non opératoire ol la
partie filetée est séparée desdites billes (188),
ledit activateur (203) causant l'insertion de ladi-
te portion renflable (186, 188) dans ladite sur-
face de friction (100) en déplacant ledit corps
de rotor le long dudit axe du corps de rotor, au
moyen dudit membre opératoire et dudit mem-
bre élastique, ledit activateur causant un dépla-
cement dudit membre opératoire relativement
audit corps de rotor contre une force de biaisa-
ge dudit membre élastique aprés avoir com-
plété l'insertion de ladite partie renflable dans
ladite surface de friction interne, causant ainsi
une expansion radiale vers I'extérieur de ladite
partie renflable dudit corps de rotor au moyen
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de ladite partie filetée et desdites billes.

Un appareillage selon I'une quelconque des
déclarations 14 & 18, caractérisé par le fait que
le mécanisme de déplacement de la téte (50,
52, 54, 56, 58) dispose en outre de moyens de
freinage (110) pour empécher la ou les éte(s)
de maintien (70) (au moins une) de tourner,
ceci au moyen d'un engagement desdits
moyens de freinage avec la téte de maintien
ou avec un membre qui tourne en méme
temps que la téte de maintien, tandis que ledit
rotateur de tétes (142) dispose d'un mécani-
sme de débranchement des freins (218) pour
débrancher ledit moyen de freinage en le dé-
gageant lorsque ledit rotateur de tétes fait tour-
ner la téte de maintien.

10

15

20

25

30

35

40

45

50

55

21

40






EP 0 213 206 B1

23



EP 0 213 206 B1

e
130 4L

FIG.3

17 70
\\)// 99

104 P B2

104 w7
5 117 PRV~ AV
A / - X —
‘L A RN =) |

i SR ) HOLE A

/20" 78
70 118 64 © 72
62

24



EP 0 213 206 B1

% 11
=

72

25



EP 0 213 206 B1

7T ;

hwilV/ i / |

291 AOmﬂ FASY IR S
09l

26



4.4!-03

FIG.7

EP 0 213 206 B1

164 ~—

b o = b . -

~144

\

154 148 154

27



EP 0 213 206 B1

FIG.8

170
v
6
212
214
62 BRE |
7 b mum- s 222
C[Z'.ZJ \\lr\l | Z/LT_JT ey 1180
. 176
F"\j L ST Lo
: A omel U 1
[E' T ggeed [ _
T 190?] ]
= 0
L::l-— l_ J:— H,O /_::4
4+ T/ [6] [0
59 — "‘ j |
T A 220
| jt \

e 218
STl
70 88*°

28



EP 0 213 206 B1

206
\
~ ‘\ ;
\ 1 §
ﬁ\ ¥
/"\\\yl l
\I \}\ :
-.—/’//// }i} A ]70
) ol .:// |
P |
/ |
// !
L |
N !
(—=

© , \ 222
--\)l f 218
182
i
D))
_______________ ./

29



EP 0 213 206 B1

2(36
7777777
2084 N
L N /‘ \A
220 ;'29@}:::::;%\ *—t\s--210
% 2/ 200
N
/ N i % /170
VNN SN
/\f--—— NNV
N\ AN
— 11
194 %%‘ ~<§ g
AN Y
7Th, Q g
Ny TIR—192
AN
L ;r476
174,
N 18
186

188 190 188

30



	bibliography
	description
	claims
	drawings

